Background: A common complication after stroke is development of cognitive impairment and dementia. However, effective strategies for reducing the risk of developing these problems remain undefined. Potential strategies include intensive lowering of blood pressure (BP) and/or lipids. This paper summarises the baseline characteristics, statistical analysis plan and feasibility of a randomised control trial of blood pressure and lipid lowering in patients post-stroke with the primary objective of reducing cognitive impairment and dementia.
Background
Post-stroke cognitive decline and dementia are common, and potentially devastating for both patients and carers. Although lowering blood pressure (BP) and lipids and the use of antithrombotic therapy are known to reduce recurrence after ischaemic stroke [1] [2] [3] [4] [5] [6] , the effect of these and other interventions on cognition is unclear [7] . The trial designated Prevention Of Decline in Cognition After Stroke Trial (PODCAST) was designed to assess the safety and tolerability of intensive versus guideline BP and lipid lowering in ischaemic stroke and intensive BP versus guideline in haemorrhagic stroke and the feasibility of performing a large trial on whether intensive treatment reduces cognitive decline and dementia post stroke (Protocol, Additional file 1) [8] .
Aims

Start-up phase
To determine the initial safety and the tolerability of intensive versus guideline BP and lipid lowering therapy.
To determine the feasibility of recruiting and retaining sites and participants in a long-term dementia prevention trial involving patients with a previous stroke.
To determine the feasibility of reaching and maintaining target BP and lipid levels and identify any barriers to achieving and maintaining BP and lipid targets.
To determine the feasibility of performing recurrent cognitive assessment in clinic and by telephone.
Main phase
To determine if 'intensive' blood pressure lowering therapy and/or 'intensive' lipid lowering therapy after stroke reduces cognitive decline and dementia. To determine if 'intensive' blood pressure lowering therapy and/or 'intensive' lipid lowering therapy after stroke reduces poor quality of life, poor function, depression, stroke recurrence, vascular events, and death.
Methods
PODCAST was a multi-centre prospective randomised open-label blinded-endpoint controlled partial-factorial phase IV trial in secondary and primary care. Participants from 30 UK Stroke Research Network sites who were post ischaemic stroke or intracerebral haemorrhage by 3-7 months were included. All patients gave informed consent.
Interventions
All patients were randomised (1:1) to intensive versus guideline blood pressure lowering (target systolic <125 mmHg versus <140 mmHg). Patients with an ischaemic stroke were also randomised (1:1) to intensive versus guideline lipid lowering (target low density lipoproteincholesterol <1.4 mmol/L versus <3 mmol/L). As a result, patients were randomised to one of six groups:
Intensive BP lowering and intensive lipid lowering (ischaemic stroke only) Intensive BP lowering and guideline lipid lowering (ischaemic stroke only) Guideline BP lowering and intensive lipid lowering (ischaemic stroke only) Guideline BP lowering and guideline lipid lowering (ischaemic stroke only) Intensive BP lowering only (intracerebral haemorrhage only) Guideline BP lowering only (intracerebral haemorrhage only)
Intensive interventions were delivered in a secondary care/hospital research clinic; guideline interventions were delivered in primary care according to local practice.
Primary outcome
Addenbrooke's Cognitive Examination-Revised. This was assessed at each clinic visit and its analysis and presentation is described in the outline data tables (Additional file 2). It is a brief cognitive screening tool that was selected because it has greater sensitivity in detecting Alzheimer's disease and is more sensitive than the Mini-Mental State Examination (MMSE) [9] and has been shown to be sensitive at detecting mild cognitive impairment (MCI) in post-stroke populations [10] . It is good at detecting visuospatial, fluency and executive dysfunction [11] .
Secondary outcomes
Feasibility of recruitment and retention of participants, tolerability and safety of the interventions, achieving and maintaining the blood pressure and lipid targets, maintaining differences in systolic blood pressure (>10 mmHg) and low density lipoprotein cholesterol (>1 mmol/L) between the treatment groups, and performing clinic and telephone follow-up of cognition measures. Additional tests of cognition were used:
Stroop, Trail making. Additional measures of executive function were added since vascular cognitive impairment is known to have a greater effect on these cognitive domains and they better predict development of dementia and mortality [12] [13] [14] [15] . Montreal Cognitive Assessment (MoCA). This is widely used in post-stroke populations with reasonable sensitivity for detecting MCI and dementia [10, [16] [17] [18] . Telephone MMSE (t-MMSE). This has been compared to the MMSE and has shown strong correlation. A score of 16 on the t-MMSE equates to a score of 19 on the MMSE. A score of 26 on the MMSE equates to a score of 23 on the t-MMSE [19] . Telephone Interview for Cognitive Status (TICS). This has been validated in a post-stroke population [20] .
Blinding
Participants received open-label management. Cognition was assessed both unblinded (in clinic) and blinded (by telephone) to treatment. Adjudication of events (dementia, vascular, serious adverse events) was blinded to management. Recruitment of 600 participants was planned (300/BP group, about 270/statin group) to be sufficient to demonstrate whether sufficient on-treatment differences in BP and lipids can be obtained and maintained, and whether cognition can be assessed satisfactorily. More details of methodology can be found at the published protocol [8] .
The study was conducted according to the principles of the Declaration of Helsinki and the International Conference on Harmonisation of Good Clinical Practice. The study was approval by the national research ethics committee (NRES Committee East Midlands -Nottingham 1, approval 09/H0403/71, date 12/11/2009).
Eligibility
The full inclusion and exclusion criteria are given in the published protocol [8] and were designed to include a population who did not have known dementia but who were at higher risk of developing cognitive impairment and dementia on the basis of recent stroke and age, and who were likely to be able to attend follow-up for 5 years. Adult patients were eligible if they fulfilled all of the following criteria:
Age >70 years and telephone MMSE (t-MMSE) >16°o r age >60 and t-MMSE 17-20 (that is, indicator of impairment). Previously independent (mRS 0-2) Index event was ischaemic stroke (IS) or spontaneous intracerebral haemorrhage (ICH) Systolic blood pressure between 125-170 mmHg Total cholesterol 3-8 mmol/L 3-7 months post stroke onset Ability to give written informed consent prior to enrolment Had two informants who could support them if cognitive impairment developed
Consent
Informed consent was obtained to undertake a screening cognitive assessment at 8-26 weeks using a telephone version of the MMSE; initially this was done by telephone but was later delivered in clinic. If screened positive, informed consent for the trial was obtained and the clinician used the secure web-based randomisation system to enter a patient into the study between 12 and 30 months post stroke.
Randomisation
To reduce bias and optimise baseline matching between treatment groups, randomisation incorporated stratification (index event), minimisation (on baseline prognostic factors, as highlighted in Table 3 ), and simple randomisation (in 5 % of patients). Stratification and minimisation allow for improved matching at baseline, minimisation increases statistical power [21] , and simple randomisation reduces predictability. The stratification and minimisation variables will be used for adjustment of the primary and secondary analyses. Following randomisation, the investigator was informed of the patient's treatment allocation. Data entry during treatment used the same website and similar range and logic checks.
Trial governance
The trial was supervised by a Trial Steering Committee, and run by a Trial Management Committee (based in Nottingham UK). An independent Data Monitoring Committee met and assessed safety and efficacy on three occasions. Experts, who were blinded to treatment assignment, adjudicated cognitive and dementia outcomes, vascular events, brain scans, and serious adverse events.
Internet trial
The trial was designed as an electronic trial and was accessible via the following links: 
Progress with the study and modifications to the design
The trial was designed to have two phases of recruitment and funding:
Start-up phase (36 months, 2010-2013): Recruitment of 600 patients from 30 sites over 24 months with minimum follow-up of at least 12 months. In reality, 83 patients were recruited with the target reduced to 100 patients. Main phase (60 months): New funding to be sought for recruitment of 2,800 patients from 100 sites. Funding was never sought since the trial failed to recruit sufficient sites or patients at a rate that was feasible to support a large study.
Several protocol amendments were made, these covering the following issues:
August 2010
1. Addition of twice yearly email reminders to investigators to highlight the need to achieve targets in BP and lipid lowering in patients randomised to intensive treatment. This was done because the difference between intensive and guideline BP and lipid levels was not reaching target (>1 mmol/L LDL cholesterol and >10 mmHg systolic).
May 2012
1. Reduction in target lipid level: The level of target lipid concentration for intensive arm was reduced from LDL cholesterol <2.0 mmol/L to <1.3 mmol/L. This amendment was required because 50 % of patients were at or below the original target at baseline of 2.0 mmol/L, in part reflecting the high usage of statin therapy in this post-stroke population.
Revision of suggested guideline lipid lowering
therapy (to simvastatin 10-40 mg, pravastatin 10-40 mg, fluvastatin 10-80 mg), and intensive group statins (to atorvastatin > 20 mg, any dose of rosuvastatin). This was due to revised NICE guidelines on lipid management (CG 67, 2008).
Addition of monitoring of serum glucose and
HbA1c because some BP and lipid drugs may reduce, or cause, diabetes mellitus. 4. Introduction of 'floating' clinic appointments to follow planned regular research appointments if a patient randomised to one or both intensive arms had BP and/or lipid readings above target levels. These floating appointments allowed earlier/more aggressive treatment escalation. 5. Clarification that a standing blood pressure measurement should be done in clinic to detect postural hypotension. 6. Addition of NYHA levels 3 or 4 as an exclusion criterion 7. Removal of dementia-specific health-related Quality of Life (DEMQOL) as an outcome 8. Addition/inclusion of patients with posterior circulation infarcts (POCI). POCI was an original exclusion criterion because this group was felt unlikely to develop cognitive impairment. Fig. 1 Recruitment throughout the trial However cerebellar and brain stem infarcts are known to cause cognitive impairment. 9. Follow-up visits in clinic increased from once a year to every 6 months (with interval blinded telephone follow-up). Low recruitment meant that long-term follow-up in a large trial was unlikely, and so more and earlier visits were necessary to assess and escalate treatment for blood pressure and/or lipid.
June 2013
1. Reduction in sample size for the start-up phase from 600 to 100 patients. 2. Addition of an on-treatment CT scan at or after 1 year of treatment to assess potential changes in white matter disease and cerebral atrophy from pre-baseline.
Key milestones occurred as follows: Failure to recruit 30 hospital sites in start-up phase.
Insufficient patients recruited Insufficient sites recruited. Failure to recruit 600 patients in start-up phase, this precluding moving onto the main phase. The patient target was reduced to 100.
Some sites only identified screen-negative patients ( Table 2) . Protocol amended to allow inclusion of posterior circulation strokes.
Exclusion criteria limited some recruitment; see screen failures ( 
Results
Only 83 participants were recruited (Fig. 1) . The startup phase did not recruit sufficient numbers to go to the full trial (planned recruitment of 600). A no-cost extension was requested with the aim of recruiting 100 participants. Funding for the main phase of the trial was never sought since the trial failed to recruit at a rate that was feasible to support a large study. Multiple reasons explain poor recruitment of both hospital sites and patients ( Table 1) . A key problem was the cost of intensive treatment, largely related to atorvastatin, which was proposed in the protocol for use in the intensive lipid control arm [8] . In many cases, the then primary care trusts (now clinical commissioning groups) refused to pay for atorvastatin. Nevertheless, none of these impediments damaged data integrity or validity.
Baseline characteristics
106 patients failed screening with some patients having multiple reasons for screen failure ( Table 2) . Between 1 October 2010 and 31 January 2014, 83 patients were recruited from 19 sites in the UK; a further 5 sites screened patients but did not recruit a patient. Patient characteristics at baseline are shown in Table 3 ; key baseline data included, given as number (%) or mean (standard deviation): age 74.0 (6.8) years, male 64 (77.1 %), index stroke ischaemic 77 (92.8 %), stroke onset to ran- Table 4 ).
Reporting of results by allocated treatment
The database was locked and the trial unblinded and an interim analysis performed in November 2014, as per the SAP. Interim main results were reported at the UK Stroke Forum in early December 2014. Full results (presented in Additional file 2) will be submitted for publication once the final analysis has been performed. Summary and individual patient data from PODCAST will be shared with relevant Cochrane and other systematic reviews.
Discussion
Having recruited 83 patients, PODCAST did not achieve its adjusted recruitment target of 100 patients. As a result, the aim of assessing the feasibility of delivering the main phase was not met. Other aims, including the ability to obtain and then maintain differences in BP and lipid levels between intensive and guideline groups, ability to collect cognition scores during regular clinic and telephone follow-up, and incidence rates of cognitive impairment and dementia, will be reported in the main results.
Conclusions
Future trials of dementia prevention in post-stroke populations are required because 20-30 % of stroke survivors will have dementia [22] , but >50 % of patients will have cognitive impairment [13, 14] . Cognitive impairment, especially executive dysfunction, results in impaired function, distress to patients and carers and is associated with worse prognosis [23] [24] [25] . However, the post-stroke population is very heterogeneous. Also rates of dementia at or before 1 year post-stroke range from 41.3 % in hospital series without excluding prior dementia to 7.4 % in community series of first ever stroke where prior dementia was excluded [23] . Importantly, participants appear to be keen to take part in this type of study, as post-stroke cognitive impairment is one of the silent unmet needs in >40 % of stroke survivors at 1 year [26] . 
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